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(54) A cardiac event detecting system for a heart stimulator 

(57) A cardiac event detecting system for an 
inplantable heart stimulator intended to be connected 
to the heart of a patient through at least two unipolar 
electrode leads or at least one bipolar electrode lead 
having one detrode pole in the atrium and one elec- 
trode pole in the ventricle for sensing heart signals com- 
prises at least two signal channels for signals sensed 
between the two electrode poles and between one of 
the electrode poles and the stimulator capsule respec- 
tively. Each signal channel comprises signal processing 
means (12; CIO, C6 ... G0.3. C0.2. C-0.2. C-0.3 ... C-6. 
C-10; 14). A dectston logic means is provided for com- 
paring the signals from the two signal channels with sig- 
nal criteria for detecting the occurrence of a cardiac 
event. A/D-converting means (CIO, C6 ... C0.3, C0.2, f2 
C-0.2, C-0.3 ... C-6, C-10) are provided for converting 
sampled values of said sensed heart signals into digital 
words for each signal channel. The decision logic is 
adapted for comparing the digital words artd their differ- 
ences with the criteria for determining the occurrence of 
a cardiac event 
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Description 

TechnipQl RQk< 

[0001 ] The present invention relates to a carcEac event s 
detecting system Ibr an implantable heart stimulator 
intended to be connected to the heart of a patient 
through at least two unipolar electrode leads or at least 
one bipolar electric lead having one electrode pole in 
the atrium and one electrode pole in the ventricle for io 
sensing heart signals, said detecting system comprising 
at least two signal channels for signals sensed between 
the two electrode poles and between one of the elec- 
trode poles and the stimulator capsule respectively, 
each signal channel comprising signal processing 75 
means, and a decision logic means for comparing the 
signals from the two signal channels with signal criteria 
for detecting the occurrence of a cardiac event 

Background Art 20 

[0002] In connection with cardiac pacing there is a 
general desire to be able to use unipolar electrodes 
instead of bipolar ones. Bipolar electrodes corrprise two 
heBcally wound conductors connected to the electrode 25 
tq^ and ring r^pectively. which make the electrode more 
stiff and more frequently defective than a unipolar elec- 
trode which only comprises one helically wound con- 
ductor. 

[0003] In connection with heart signal detection there 30 
are conflicting requirements. Thus a detecting level 
must be used fen- an absolutely reliable detection of the 
wanted heart signals even at amplitude variations due 
to e.g. normal physiologically dependent amplitude var- 
iations, different heart signal origins, arid possible varia- 3S 
tions in the electrode position. Further a detecting level 
should be used for an absolutely reliable rejection of 
non-wanted signals, such as muscle interferences, far 
field heart signals and T-waves. A detecting level should 
also be used for most probable rejection of non-wanted 40 
external interferences. A reWaJbie automatic adaption of 
the detecting level is also highly desirat)le. 
[0004] A large number of different heart signal detec- 
tors is previously known. Normally these detectors com- 
prise an amplifier with some kind of band-pass fitter and 45 
one single signal amplitude conparatorfor detenmining 
whether a detection criterion is fulfilled or not. This is 
also the case in different types of adaption systems hav- 
ing a secorxJ 'l^arallel*' detector. Also in these latter sys- 
tems the detection decision is emanating from a so 
comparison in only one comparator. 
[0005] Thus in US-A-5.058.599 a method and an 
apparatus for detecting a sequence of abnormal events 
in the depolarization signal of a heart are described. A 
selective signal parameter is then compared to a 55 
defined threshold and the maximum value is measured 
of the signal parameter for each event which exceeds 
the threshoki. The described method and apparatus are 



particularly well suited tor detecting a sequence of 
events indicating fibrillation. 

[0006] Detection of electrical events in the heart by 
measurements between an electrode pole in the atrium, 
an electrode pole in tiie ventrk;le and the heart stimula- 
tor enclosure are also previously known, see e.g. US-A- 
5.607,457, EP-A 0 596 319 and EP-A 0 646 390. 
[0007] US-A-5,607.457 relates to an evoked response 
detector comprising unipolar electrodes in the atrium 
and the ventricle. A drffererrtial detector is connected to 
the electrode leads and detects cardiac activity between 
the atrial electrode and ventricular electrode. A conela- 
tion detector is connected between the pacemaker 
housing and one of the atrial or ventricular electrodes to 
generate a corr^ation signal identifying wh^her the 
detected cardiac activity arise in the atrium or in the 
ventricle. 

[0008] EP-S 0 596 319 discloses a heart stimulator 
comprising an electrode system of at least one bipolar 
electrode with one pole positioned in the atrium and one 
pole in the ventricle, or at least two unipolar electrodes 
arranged in the atrium and the ventricle respectively. 
Atrial activity is measured betweai the two poles of the 
bipolar electrode or between the two unipolar elec- 
trodes and ventricular activity is measured between the 
ventricular pole or electrode and the stimulator housing. 
[0009] Also EP-A 0 646 390 describes measurement 
between an atrial and a ventricular electrode and meas- 
urement between the ventricular dectrode and the 
heart stimulator housing tor detecting spontaneous and 
evoked heart responses. One atrial corr^rator and one 
ventricular comparator are provkJed for corrparing 
measured signals wrtii an atrial reference potential and 
a ventricular refa'ence potential respectively. 
[0010] US-A-4.905,70d discloses an apparatus for 
recognizing cardiac arrtiythmias. Analogue signals 
obtained by sensing at the heart or on the body of the 
patient are then digitized and a first differentiation of tiie 
digitized signals is carried out A gradient pattern detec- 
tor compares the differentiated signals with normal dif- 
ferentiated signals detected during sinus rhytiim. 
Differences between the differentiated signals are indic- 
ative of pathological tachycardia, the nature of which 
can be identif ied by comparison with pre-programmed 
signals of like type. 

[001 1] The purpose of the present invention is to pro- 
vkJe a new cardiac event detecting signal system for a 
heart stimulator, which detecting syst«n makes a more 
reliable detection possible than witii prior art detectors. 

Di^clQSurQ Qf tfie Invention 

[0012] This purpose is obtained by a cardiac event 
detecting system according to the Introductory portion 
of the description and with the characterizing features of 
claim 1. 

[001 3] Thus with the detecting system according to 
the inv^on a plurality of combined function criteria is 
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used for the detection decision. In the detecting system 
according to the invention several simultaneous parallel 
signal processings are performed and from a plurality of 
combined "indrvidial" detections prevailing heart signal 
activity is identified. VSTrth the detecting system accord- 5 
ing to the invention it will also be possible to distinguish 
between the occurrence of different cardiac events. 
Thi^, by digital processing of the digital words obtained 
the following distinct cardiac events can be distin- 
guished, namely cardiac event in the atrium (P-wave). w 
cardiac event in the ventricle (R-vvaves)» cardiac signals 
which shall be omitted. Interference received on the 
stimulator capsule, and no cardiac activity. Each event 
has its own pattern or word and the detection process is 
formed of the procedure for deciding of occurrence of a is 
specific event 

[0014] According to an advantageous embodiment of 
the system according to the invention said converting 
means comprise a set of comparators provided in each 
one of said signal channels, each comparator having a 20 
spedfic reference level for comparing said sannpled val- 
ues of said sensed heart signals with said reference lev- 
els, and in that a digital converter is provided for 
presenting the result of the comparisons in the form of 
said digital words of a "0" or a "1" for each comparator zs 
depending on whether the sampled signal value is 
above or below the reference level in question. By per- 
forming several multi-arrqslitude signal detections simul- 
taneously in this way a quicker A/D conversion is 
obtained. 30 
[001 5] According to an advantageous embodiment of 
the system according to the invention acljacent refer- 
ence levels of the said conparators are separated loga- 
rithmically with 30-70%. Such an exponential 
distribution of the refer^ice levels requires less digital 35 
bits when a specific resolution is reqidred for low level 
signals, and the distribution gives a constant relative 
accuracy for different amplitude levels in the following 
decision process For example, each level of the above 
maitioned exponential distritsution can be described by 4o 
three digital bits. The same resolution for low levels and 
the same dynamic range require five bits with a linear 
A/D conversion. 

[0016] According to other advantageous embodi- 
ments of the system according to the irwention a refer- 46 
ence value creation unit is provided to adaptively acQust 
the reference values of the comparators. Such an adap- 
tion process is of importance since the determination of 
the discrimination level for the lowest acceptable levels 
of R-waves and P -waves have to be related to the noise so 
level. The adaptive adjustment process can be started 
by an extemal order, or be pefformed at regular time 
intervals, or reference values can be continuously 
adapted as functions of sensed signals, or the adaptive 
adjustment process can be started in response to the ss 
detection of a significant change in the sensed signals. 
[001 7] In the detecting system according to the inven- 
tion influence from extemal interference is eliminated to 



a greater extent than in previously Known heart signal 
detecting systems. In the determination process related 
to a possible cardiac event or specific heart signal all 
electrode combinations, time relations of the measured 
signals and information atx)ut the signal shapes are 
used to distinguish the signal irrformation. 

Brief Description of the Dravwngs 

[0018] To explain the invention in greats detail 
embodiments of the invention, chosen as exarrples. will 
now be described with reference to the enclosed draw- 
ings, on which 

Rgure 1 shows schematically a pacemaker with an 
atrial and ventricular electrode connected to the 
heart of a patient, 

Rgure 2 shows the circuit of a logaritiimic analogue 
amplifier suitable for use in connection with tiie A/D 
conversion in the system according to tiie invaHion. 
Figure 3 shows a circuit used in the system accord- 
ing to the invention for generating digital words r^ 
resorting measured signals. 
Rgure 4 shows the connections of an IG-oorripo- 
nent of a heart stinuilator. 

Rgure 5 shows an emtxxJiment of an input stage of 
an A/D-converter in the form of a delta modulator 
used in the system accorcGng to the invention, 
Rgure 6 shows the typical basic block used in a 
switched capacitor network for the realization of the 
system accordirtg to the invention, 
Rgure 7 is a schematic overall view of a typical 
heart stimulator comprteing the detecting system 
according to the invention, 
Rgure 8 shows the circuitry of the signal process- 
ing arKf detection logic in figure 7 more in detail. 
Rgure 9 shows in the form of a more detailed block 
diagram the detection logic in figure 8. 
Rgure 10 shows an example of the signals on the 
two signal channels and the output signal from a 
similarity logic as functions of time, 
Rgure 1 1 shows in more detail tiie drcurtry of tine 
reference creation logic in figure 8, and 
Rgure 12 shows table I illustrating processed sig- 
nals sampled in time witii equal time partition. 

Description of Preferred Embodiments 

[0019] The detecting systan according to the inven- 
tion is intended to be used in a heart stimulator with at 
least one unipolar electrode 4 in the ventricle arxJ one 
unipolar electrode 6 in the atrium, see figure 1. In addi- 
tion thereto also tfie capsule 8 of the heart stimulator 3 
is used as one electrode. 

[0020] Instead of two unipolar electrodes a bipdtar 
electrode can be used having one electrode pole in the 
atrium arKi one pole in the ventricle. 
[0021] The detecting system according to the inven- 
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tion can also be used in a heart stimulator with at least 
two electrodes in one and the same heart chamber, pro- 
vided that the electrodes are separated by a distance of 
sufficient length. 

[0022] The detecting system according to the inven- s 
tion comprises electronics for signal processing in sev- 
eral steps, as will be described in more detail below. 
Thus these electronics conprise at least two amplifiers, 
illustrated at 1 , 2 in figure 1 , and passband and slow- 
rate filters with predetermined properties. io 
[0023] The amplifiers 1 , 2 are connected in two signal 
channels. Thus the inputs of the amplifier 1 is con- 
nected to the ventricular electrode 4 and the stimulator 
capsule 8 and the anplifier 2 between the ventricular 4 
and the atrial 6 electrodes. is 
[0024] The block 1 0 of the heart stimulator 3 in figure 
1 contains the rest 6S the electronics of the heart stimu- 
lator 3, like comparators, digital signal processing 
means, stimulating pulse generating means etc. 
[0025] For A/D-oonverting the measured analogue 20 
signals different A/D-converting techniques which are 
known per se can be used. Thus A/D-converting means 
with successive approximations can be used. i.e. a pro- 
cedure of iterative digital iqs/down counting until the dig- 
ital value corresponds to the analogue Input signal. 2s 
[0026] Attematrvely A/D-converting means in the form 
of a slope converter can be used. In such a converter 
the measured analogue signal is charging a capacitor 
for a predetermined time, determined as a predeter- 
mined number of clock pulses. The resulting voltage on 30 
the capacitor will then be prq^ortional to the analogue 
signal. In the next step the analogue signal is discon- 
nected arKi the capacitor is discharged to a known load. 
The discharge time is measured by counting clock 
pulses. Thi^ the count corresporxts to the value of the 35 
analogue signal. 

[0027] Also so-called deKa/sigma converters can be 
used. The measured analogue signal is then compared 
with reference levels which are successively changed 
up or dcwn by 1 bit till the level of the analogue signal is 40 
reached. An average of a riumber of up/down counts 
gives the A/D-converted value. 
[0028] So-called flash converters are preferred in the 
system accordirrg to the inventioa These converters 
comprise a large numt>er of parallel comparators to 4s 
which the analogue signal is supplied for simultaneous 
conparison in all the comparators. All the comparators 
are switched simultaneously according to the result of 
the comparison and the corresponding cfigrtal word is 
directly obtained. so 
[0029] In the above mentioned A/D-convaiers the 
conversion can be "linear", i.e. a "linear" analogue input 
signal is supplied to A/D-converting means in which lin- 
ear steps are used in counting and comparing proce- 
dures. However, it can be an advantage to transfer the ss 
measured analogue signal into a "logarithnrric" signal 
before the A/D-converslon. For this transfer irrto a loga- 
rithmic form a logarithmic analogue amplifier of the kind 



shown in figure 2 can be used. The input signal Ui^ is 
then through a resistor Rjn supplied to a circuit compris- 
ing two anti-parallel connected diodes 7, 9 forming a 
feedback loop for the amplifier 11 . On the output of this 
circuit an output signal Uout >s produced related to the 
input signal Uin as follows. 
[0030] For 

Uin>OU^=-log|UJ 

U,n>OU^=-Iog|UJ 

U^oOU^^oO 

[0031] A direct logarithmic conversion can be per- 
formed in a flash converter if the reference values of the 
comparators are logarithmically separated. 
[0032] An embodiment of such a flash converter will 
be described below with reference to figure 3. 
[0033] Rgure 3 shows an example of a circuit con- 
tained in block 10 in figure 1 for converting measured 
analogue signals into digital words. The measured or 
sampled signals are supplied to a set of conparators 
C10, C6 ... C0.3, C0.2, C-0.2, C-0.3 ... C-6, C-10 
through an amplffier and bandpass filter 12. In the com- 
parators C10 ... C-10 the input signals are corrpared 
with different reference levels. These reference levels 
can typically range from 0.2 mV to 10 mV with a loga- 
rithmic q^adng of 30-70% between neighl>ouring com- 
parators. Both positive and negative reference levels 
are used. 

[0034] The binary output signals from the set of paral- 
lel working comparators C10 ... C-10 produce at an out- 
put digital converter 14 two digital words or patterns 
representing a sample of the signals measured in the 
two signal channels defined in figure 1 . 
[0035] The digital words received from the compara- 
tors CIO ... C-10 can either be continuously processed 
in following detecting stages as soon as they are pro- 
duced or they can be sampled according to a predeter- 
mined time sequence and stored as a number of digital 
words and these stored digital words can then be used 
in the SLd>sequent detecting procedure. 
[0036] Thus, the input agnal is compared to the refer- 
ence level of each of the conrparators CIO C-10 and 
a "1" is obtained from those comparators where the 
irput signed exceeds the reference level. Fronn the other 
comparators the output signals are "0". The output sig- 
nals from the conparators consequently give a set of 
"1 " and "0" representing the input signal at a given time, 
e.g. 001 11111, which indicates that the two compara- 
tors with the highest reference levels give "0" as output 
signals and the rest of the comparators give "1". This 
sequence of "0" and "1" is then translated into the digital 
figure 01 10 (=6) which forn^ the word in question. A 
sequence of words will in this way be generated repre- 
senting the signals from the two signal channels as 
mentioned above and also the difference between the 
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words is formed. These three sequences are compared 
with criteria for occurrence of P-wave. R-wave. muscle 
noise etc. which makes the identification of a detected 
cardiac event more reliafc}le. 

[0037] For the occun^ence of a R-wave the sequence 
of words from channel 1 in figure 1 can typically be 0 +2 
-5-6-2 0 and the sequence of words from channel two 
0+1 -4-6-3-1. 

[0038] The criteria for R-wave detection can be 

Word 1 sequence <-2, <-4, <-1 
Word 2 sequence <-2. <-4. <-1 
Word 1 - word 2 sequence ±1 , ±1 . ±1 . 

[0039] All these conditions must be fulfilled for a 
detected cardiac event to be identified as an R-wave. 
[0040] The criteria for P-wave detection could be 

Word 1 sequence <+1. <+1. <+1 
Word 2 sequence >+1 , >+3, >+1 

[0041 ] As appears from the above example the word 
1 and word 2 sequences of the R-wave detection crite- 
ria are similar, whereas there is a significant difference 
between the corresponding sequences of the P-wave 
detection criteria. This depends on the fact that the R- 
wave is much stronger than the P-wave. Thus the sensi- 
tivity of channel 1 which measures the signal between 
the ventricular electrode 4 and the stimulator capsule 8 
can be adjusted such that only ventricular events are 
detected, whereas the sensitivity of channel 2 which 
measures the signal between the ventricular and the 
atrial electrodes 4. 6 Is adjusted such that both atrial 
arKi ventricular events are detected. Consequently for 
an R-wave the word 1 sequence arui the word 2 
sequence will be essentially equal, whereas for P- 
waves there is a significant difference between the word 
1 sequence and the word 2 sequence, since a P-wave 
is only detected in channel 2. This circumstance 
appears from the example above. 
[0042] For muscle noise the word sequence can typi- 
cally be +2 +1 0 -2+1 -1 0 and the muscle noise detec- 
tion criteria can be 

Wbrd 1 sequence >+1 or <-1 
Word 2 sequence ^+1 and ^-1 . 

[0043] A higher noise level is normally received on 
channel 1 which is connected to the stimulator capsule 
8. No activity signals gives low level words which can be 
considered as "noise" words. R- arxi P-waves give 
"higher level" words. These higher level words must be 
distinct and different from the noise level words to give 
detectabiltty. By utilizing the facX that noise is substan- 
tially appearing only in that signal channel which com- 
prises the stimulator capsule for changing the R-wave 
and P-waves discriminating levels when muscle noise 
appears an automatic change of the R-wave and P- 



wave discrimiriating levels, when muscle noise appears, 
can be provided. This change of discrinvnating levels is 
an adaptation process such that the lowest acceptable 
levels of R-wave detection and P-wave detection 

s respectively together with the rtoise level will determine 
the discrimination level. The detecting system accord- 
ing to the invention is consequently provided with an 
automatic sensing threshold setting furiction. 
[0044] As mentioned above, according to one exam- 

10 pie of the detecting system according to the invention 
five distinct cardiac events in this way can be distin- 
guished by digital signal processing of the digital words 
received from the conrparators CIO ... C-10. These car- 
diac events are a) occurrence of an atrial event (P- 

15 waves), b) occurrence of a ventricular event (R-waves), 
c) other cardiac signals which shall be omitted, d) inter- 
ferences received on the heart stimulator capsule, and 
e) no cardiac activity. Each event has its own pattem or 
word arid the detection process consists in the decision 

20 of occurrence of an identified event. 

[0045] Figure 4 shows the connections of an IC-com- 
ponent used in a heart stimulator provided with a 
detecting system according to the invention. Thus there 
are three connections for the atrial lead, the ventricidar 

25 lead, and for connection to the stimulator capsule 
respectively. The connectior^ for the atrial lead and the 
ventricular l^d are designed for both delivery of stimu- 
lation pulses, "output stim". and for receiving sensed 
signals, "signal input". Both connections are provided 

30 with a high f requaicy filter fbr removing radio frequency 
interferences etc. and an anti-aliasing-filter fbr removing 
frequencies ak>ove the used sampling frequency. The 
sampling frequerK;y is typically in the range of 20-500 
Hz, i.e. a pluraGty of samples is tak^ during a cardiac 

35 cycle. A capacitor C3 is also provided in ^ch connec- 
tion fbr removing DC-components. 
[0046] Rgure 5 shows an input stage to an A/D-con- 
v^er in the form of a delta modulator, suitable for use 
in the detecting systm accorcfing to the invention. Ana- 

40 logue measurem^ signals axe then converted into a 
digital bit stream through a comparison procedure at 1 6, 
controlled by an up/down logic 1 8. 
[0047] Figure 6 shows a basic block formed of capac- 
itors Ci, C2, and switches fbr switched capacitor net- 

45 works. Networks of such t>locks are suitable fbr use in 
the detecting system according to the Invention for real- 
izing such signal processing as bandpass fOtering - a 
passl^nd of 23-180 Hz is appropriate fbr the system 
according to the invention - signal integration, eta The 

so processing properties are determined by the relation 
between capacitor values in the basic blocks and the 
way of connecting the blocks. Thus, if, fbr example, the 
block is placed in a fomvard signal path the signal 
processing properties will be different from the signal 

55 processing properties if the block is connected in a 
feedback path. 

[0048] To construct suitable switched capacitor net- 
works is previously known and vinll not be desaibed in 
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more detail in this connection. 

[0049] Rgure 7 shcsws a block diagram of a heart stim- 
ulator comprising a cardiac event delecting system 
according to the invention. ^ 

[0050] On the input side two delta modulators 20, 22 s 
are provided for differentially processing the signals 
betwe^ the atrial and ventricular electrodes and 
between the ventricular electrode and the stimulator 
capsule respectively. As an alternative the delta modu- 
lator 22 can be connected to a signal channel formed of io 
the atrial electrode arxJ the capsule. 
[0051 ] The delta modulators 20. 22 are connected to 
a signal processing and detection logic 24 comprising a 
t>andpass filter 26. 28 in each signal half, cf. figure 8. 
[0052] On the output side of the signal processing and is 
detection logic 24 of the heart stimulator in figure 7 a 
nrKXie switch logic 84 is connected for being activated in 
case of the detection of atrial fibrillation. Further refrac- 
tory time nrreans 86 are adapted to introduce a refrac- 
tory time into the pacemaker timing logic 88 in response 20 
to the detection of a P-wave or a R-wave. The heart 
stimulator also comprises atrial and ventricular stimula- 
tion means 90, 92 controlled by the pacemaker timing 
logic 88. A blanking control 94 is further connected 
between the pacemaker timing logic 88 and the delta zs 
modulators 20, 22 for preventing inappropriate detec- 
tion of signals during a blanding period starting with the 
deDvery of a stimulation pulse. 
[0053] A reed-element 96 and telemetry communica- 
tion means 98 are connected to the pacemaker timing so 
logic 88 for making external control of the heart stimula- 
tor possik)le. 

[0054] The signal channel comprising the stimulator 
capsule may pick up also external interference signals, 
such as muscle noise, as discussed above. F=or deter- 35 
mining the noise level the signal processing and detec- 
tk>n logic 24 comprises signal averaging means 30, see 
figure 8, in which rectified average values of the noise 
signals is formed in an averaging process. 
[0055] In the averaging means 30 the noise level can 40 
be determined as the average signal during a specific 
time, for example during one second. The average 
value can be determined by the use of a counter adding 
the A/D-converted binary values, without the sign, e.g. 
for each mSlisecond. The average noise level value is 4S 
thai 1/1000 of the counter value. 
[0056] Alternatively the averaging means 30 can com- 
prise a digital recursive filter for producing a running 
average valua The determined noise level is used in an 
adaptation process to change the reference values for so 
the detection of different cardiac events. This process 
takes place in the reference creation logic 40. 
[0057] When there is a signal level ak>ove zero on that 
signal path which is connected to the stinrEilator cap- 
sule, no signal is preferably added to the noise averag- ss 
ing process in the averaging means 30. 
[0058] The delta modulator 20 which is connected to 
the signal channel comprising the atrial electrode is 
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connected to atrial fibrillation detecting means 32 in the 
signal processing and detection logic 24. The signal 
processing means 32 is devised for slope/time process- 
ing of the output signal from the d^ta modulator 20 and 
comparison with a reference value Saref "n^® signal 
processing means 32 is connected to a detection logic 
34 for determining whether atrial fQDrillation* AF, is 
present or not. Thus, in the slope/time processing 
means 32 it is determined virheth^ the slope of the sig- 
nal is exceeding a predetermined limit and if this condi- 
tion is fuffiiled for a perkxJ of time also exceeding a 
predetermined limit If both these conditions are fulfilled 
the existence of atrial fbrillation is determined in the 
detection logic 34. If P-waves are detected the "sbpe 
time processing means" 32 is disconnected. 
[0059] After analogue signal processing an A/D signal 
converter is provided in each single channel for convert- 
ing the analogue measurement signals into figures of 
amplitude and agn. Also this A/D conversion can be 
realized with the aid of a switched capacitor network. A 
suitable solution is to use a set of anrplitude con^ra- 
tors in the switched capacitor network of the kind 
described above in connection with figure 3. These sets 
of comparators are represented by the blocks 36 and 38 
respectively in figure 8. The reference levels of the com- 
parators can fc>e. as descrit>ed in connection with figure 
3, accurately deternr»ned in an easy way t>y choosing 
suitable relative capacitor values in the network. The 
levels of the comparators are preferably selected as an 
ex|x»nential sequence, e.g. 0, 0.50, 0.77, 1.2, 1.8, 2.8. 
4.3. and 6.5 mV and with both positive and negative lev- 
els. By such an exponential distrikxjtion of the reference 
levels two advantages are obtained, namely a lower 
number of digital bits for a specific resolution for low sig- 
nal levels, and a constant relative accuracy for different 
amplitude levels in the following decision process. Each 
level on the above exponential cfistrit>ution can be 
described by three digital bits. To get the same resolu- 
tion for k>w levels and the same dynamic rartge five bits 
are required with a linear A/D-oonversion. 
[0060] A comparator 42 is also arranged in the signal 
channel connected to the atrial and ventricular elec- 
trodes far comparing the signal on this channel wrfth the 
reference value Rarot for detection of R-waves, since 
both P^aves and R-waves appear in the signal on this 
channel. 

[0061] In the decision logic 34 the processed signals 
from the two signal paths comprising the atrial and ven- 
tricular electrode and the ventricular electrode and the 
stimulator capsule respectively are compared to refer- 
ence values Raref for R-waves, Paret for P-waves and 
Saref for the slope of the signal for atrial fibrillation detec- 
tion, said reference values being created by the adap- 
tive process described akx)ve. The signal on the 
channel conrprising tiie atrial arxJ ventricular electrodes 
are compared in the comparators 44, 46, 48 with 
respective reference values Rare^ Parefr for 
wave. P-wave, and atrial fibrillation, see figure 9 which 
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shows the decision logic 34 in figure 8 in nnore detail. 
The signal on the other signal channel comprising the 
ventricular electrode and stimulator capsule is com- 
pared in the comparator 50 with the reference value 
^aref ^ R-wave and this signal is also supplied to a s 
noise level meter 52 for determining the noise level as 
descrbed above. In a similarity logic 54 the signals from 
the two channels are compared. In this comparison 
process the noise level is considered, too. 
[0062] The output signals from the comparators 44. io 
46. 48. 50 and from the similarity logic 54 are supplied 
to a R-wave logic 56, a P-wave logic 58 and an AF 
detecting logic 60. in which R-wave. P-wave and AF 
indications are decided. 

[0063] A rate check is also performed in the decision is 
logics 56. 58, 60. 

[0064] There are four states which have to be distin- 
guished by the decision logics 56. 58. 60 in figure 9. 
namely 1) P-wave. 2) R-wave, 3) atrial fflDrillation. and 4) 
no signal. 20 
[0065] From the sensed data it shall be decided which 
of the above lour events takes place at each time. 
[0066] If a similarity between the signals on the two 
channels is detected by the similarity logic 54. a 
detected event must be a R-wave since R-waves 25 
appear on both channels as discussed above. When a 
R-wave is detected the P-wave bgic 58 is disabled. 
[0067] In case of non-similarity between the signals on 
the two channels detected by the similarity logic 54 a 
detected cardiac everrt is decided to be a P-wave or 30 
atrial fibrillation. In case of detecting a P-wave in the P- 
wave logic 58 the AF detecting logic 60 is disabled. 
[0068] In the decision process time relations between 
the occurrence of different cardiac events are also con- 
sidered. For example, a R-wave cannot appear within as 
280 msec from the previous R-wave. A P-wave cannot 
appear within 2M msec from the previous P-wave. An 
atrial fibrillation shall appear within 150-400 msec from 
the previous one and the shape criteria of the fibrillation 
signal shall be within maximum and minimum slope cri- 40 
teria and within maximum and minimum slope duration. 
Thus also such time relatk>ns are considered in the 
decision logics 56, 58. 60. 

[0069] The processed signals can either be digital in 
arrplitude and anak>gue in time as shown in figure 10a 4S 
and b or sampled In time with equal time partition as 
illustrated in table I, in Rgure 12. 
[0070] In figure 1 0 channel 1 shows the signal sensed 
between the atrial and ventricular electrode and chan- 
nel 2 the signal between the ventricular electrode and so 
the stimulator capsule. The P-wave appears in the sig- 
nal on channel 1 but not on the signal on channel 2 
whereas the R-wave appears in the signals on both 
channels. Rgure 10c shows the output signal from the 
similarity logic 54 comparing the similarity of the signals ss 
from the two channels. 

[0071 ] A detected cardiac event is a P-wave when the 
following criteria are satisfied: 



Channel 1 (value) ^Parei 
Channel 1 (sign) = sign(Paro() 
Ciiannel 2 (value) <Raref 
Channel 2 (sign) = any 
Similarity « 0. 

[0072] A cardiac event is decided as a R-wave rf the 
following criteria are satisfied: 

Channel 1 (value) = any 
Channel 1 (sign) t= any 
Channel 2 (value) ^ F^r^t 
Channel 2 (sign) = sign(Raref) 
Similarity = 1 

[0073] More complex decision criteria can include the 
satisfaction of a certain time sequ^ce. For acc^ng a 
detected cardiac everrt as a P-wave each value relation 
above shall be fuffilled at three times, i.e. 

Channel 1 (value 1) ^ Par©fi 
Channel 1 (sign 1) = sign(Par6(i) 
Channel 2 (value 1) < Raref(max) 
Channel 1 (value 2) k Paref2 
Channel 1 (sign 2) = sign(Par6i2) 
Channel 2 (value 2) < Raref(max) 
Channel 1 (value 3) ^ Parefs 
Channel 1 (sign 3) » sign(Parei3) 
Channel 2 (value 3) < Raref(max) 

[0074] At least one similarity data at the maxinfum of 
the stored P (value) = 0. 

[0075] The reference values Rarof. Parol. Saref. and 
possible other reference values dependirig on the com- 
plexity of the decision process are stored. These refer- 
ence values are created from the acquired s^nal data 
and are successively updated. 
[0076] The calculation of the reference values are per- 
formed in the reference creation logic 40 in figure 8 and 
updating the reference value can take place e.g. by 
external order, tiirough telemetry control, on a regular 
basis in the heart stimulator, continuously from a start 
time, in case of a significant change in the statistical 
processing of input data. The reference creation logic is 
shown in greater detail in figure 1 1 . The collecting of val- 
ues for statistical or average calculations in the detect- 
ing systm according to the invention are peribrmed 
according to specified criteria. 
[0077] If tiie signal on the channel comprising the 
atrial and ventricular electrodes has a value >Pare^ 
determined in the conparator 46, a new value is 
expected arxl tiie maximum value is collected by peak 
signal sanrpling means 62. 64. see figure 11. Similarity 
between the two channels is recorded by the similarity 
logic 54 and the time from previous collected data with 
the same type of similarity is checked to be within the 
time criteria. If the similarity and the ^gn are satined 
for a P-wave or a R-wave the value is transferred to 
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average calculating means 66, 68 or to means for per- 
forming other statistical processes. 
[0078] If there is an int^lerence level above a speci- 
fied threshold value on the channel connected to the 
stimulator capsule this is determined by the noise level s 
meter 52. No collecting and updating of the reference 
values are then performed. Thus in this case the noise 
level meter 52 (fisables the collection of signal data by 
means of a comparator 70 in which the measured noise 
level is compared to the predetermined acceptable 
maximum threshold value. 

P079] If a more complex detection or decision proc- 
ess with time sequences is used additional data are 
used for the average process. Values also before and 
after the maximum value are then used and co-ordi- 
nated with the respective reference time for the average 
detemvning proc^. For exanple if Pas is the meas- 
ured maximum value, Pai is a value measured 4 msec 
before the maximum and Pa3 the value measured 4 
msec after the maximum value also average valu^ of 
Pai and Pa3 are calculated. These average values may 
e.g be calculated for the last 1 6 values. 
[0080] The average values can also be determined t>y 
recursive f Stertng. New values are then always added 
and 17256 of the actual sum is subtracted. The sum 
shifted by 8 bits, which is equal to division by 256, is 
then used as the average heart signal amplitude. 
[0081] The calculated average values Pa and Ra are 
stored in memory means 72, 74 together with their 
signs and adjustment means 76, 78 are connected to 
these memory means 72, 74 for momentary adjustment 
of Pa and respectively. 

[0082] The noise level meter 52 is connected to the 
adjustment means 78 for inhibiting the momentary 
adjustment of Ra. if the noise level exceeds the allowed 
maximum threshold value, as discussed above. 
[0083] The reference creation logic also conprises 
calculation and memory means 80 for calculating the 
average value Sa of the specific signal slope for i^e in 
connection with the detection of atrial fibrillation from 
the signals on the channel comprising the atrial and 
ventricular electrodes. Adjustment means 82 are also 
provkJed for momentary adjustment of the existing refer- 
ence value Saref by the last calculated and stored Sa to 
update Sare^ 

[0084] Also the adjustment means 76, 82 for Pa and 
Sa respectively are connected to the noise level meter 
52 for inhibition of the updating process when the noise 
level exceeds the maximum allowed threshold value. 
[0085] For many applications the adjustment means 
76, 82 for Pa and Sa is not needed and can be omitted. 
[0086] An interference adjustment of the Saref >$ 
needed if a combipolar connection or a bipolar atrial 
electrode is used for the atrial fibrillation detection. 
[0087] The determined reference values Parof and 
Rare! ar® "sed in comparators for comparing the proc- 
essed input signals with these reference values in the 
decision process, as described abova The values 



and Raref can be e.g. 2 steps below the corresponding 
average values arxJ the limits Parei and Rare! for detec- 
tion of a P-wave and a R-wave respectively can be at 
least two steps above the determined average noise 
level. This means that Parol or Raref can be momeitarfly 
acljusted in a noisy situation by one step to avoid false 
detections due to noise while still having a high proba- 
bility of heart signal detection. However, adjustment by 
two steps cannot be albwed. Instead a too noisy situa- 
tion then has to be indicated and the heart stimulator is 
controlled to stimulate the patient's heart asynchro- 
nously with an interference rate. 
[0088] For the detection of atrial fbriliation separate 
signal processing takes place for determining the spe- 
cific heart signal morphology and rate. The fibrQIation 
signals may have an amplitude of the same order or 
magnitude as P-waves Ixjt are often much lower. Fur- 
ther the slopes of the signals are often lower than those 
of normal heart signals and the signal intervals are 
often irregular and shorter than 400 msec txit longer 
than 150 msec. A suitable signal processing can com- 
prise e.g. a signal slope follower, at unit 48 in figure 8, 
and information about the signal slope is combined with 
a signal duration criterion in the AF detection logic 60 for 
determining whether atrial fibrillation exists or not. As 
long as normal P-waves are detected there is no need 
to check possflDle occurrence of atrial f SsriDation. In the 
absence of detected P-waves. the atrial fibrillatton func- 
tion of the detecting system according to tiie invention is 
activated. The amplitude crit^ia is detemiined with the 
aid of a reference value Saref "This reference value can 
be t>ased on the reference value Pa^f a signal dura- 
tion is fixed to e.g. 8 msec ttie Pa value can be used to 
calculate the slope criterion. The slope reference value 
3aref ^an be calculated as a certain percentage, e.g. 
50% of Pa X 1000/8 = 50% of Pa x 128. Thus the ref- 
erence value S aref ^a X 64 which is easily calculated 
by shifting a binary data 6 bits if the Pq value exists In 
linear binary form. 

[0089] The detecting system according to the inven- 
tion exhibits several adN^mtages from a constructional 
point of view. This amplifiers and filters can be conven- 
tionally designed. Programmir^g circuitry and registers 
for tiie detection are omitted which saves space. Com- 
parators can be designed with relatively small surface 
compared with the anrtpllfiers. If the analogue signal is 
processed in a switched capacitor network the conpa- 
rators arKi the comparator reference levels are easily 
txjilt in as parts of the switched capacitor networic witti 
very low extra space requirements. The digital logic 
required for the processirrg of the digital words as 
described above requires some space in tiie integrated 
circuit forming the detecting system, but requirements 
of digital logics are very small compared to require- 
ments for analogue processing in this regard. 
[0090] The decision making functions of tiie detecting 
system according to the Invention are realized by digital 
technique. 
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[0091 ] The A/D-conversion can be performed at differ- 
ent stages of the signal processing. Therefore, as an 
altemative to the above described embodinrkents com- 
prising two delta modulators. A/D-converters can be 
provided at the input side of the detecting system for 5 
creating amplitude values with enough resolution. Ordi- 
nary digital signal processing is then performed instead 
of signal processing with the akJ of switched capacitor 
networks. 

10 

Claims 

1 . A cardiac event detecting system for an implantable 
heart stimulator Intended to be connected to the 
heart of a patient through at least two unipolar elec- is 
trode leads or at least one bipolar electrode lead 
having one electrode pole in the atrium and one 
electrode pole in the ventricle for sensing heart sig- 
nals, said detecting system comprising at least two 
signal channels for signals sensed between the two 20 
electrode poles and betwe^ one of the electrode 
poles and the stimulator capsule respectively each 
signal channel comprising signal processing 
means, and a decision logic means for comparing 
the signals from the two signal channels with signal 2s 
criteria for detecting the occurrence of a cardiac 
event, characterized in that A/D converting means 
are provided for converting sampled values of said 
sensed heart signals into digital words for each sig- 
nal channel, said decision logic being adapted for 30 
conparing said digital words and their differences 
with said criteria for determining the occurrence of 

a cardiac es^ent 

2. The system according to claim 1 . characterized In 35 
that said A/D corrverting means conrpise a set of 
comparators (CIO, C8 ... C0.3, C0.2. C-0.2. C-0.3 

... C-6, C-10; 14) provided in each one of said sig- 
nal channels, each conrparator having a specific 
reference level for comparing said sampled values 40 
of said sensed heart signals with said reference lev- 
els, and in that a digital converter is provided for 
presenting the result of the comparisons in the form 
of said digital words of a "0" or a T for each com- 
parator d^ending on whether the sampled signal 4S 
value Is above or below the reference level in ques- 
tion. 

3. The system according to claim 1 . characterized In 
that said A/D converting means conprise a set of so 
comparators provided for digitizing the difference 
between the signals from the two signal channels. 

4. The system according to claims 2 or 3, character- 
ized in that adjacent reference levels of said com- 55 
parators are separated logarithmically with 30-70%. 

5. The system according to any of the daims 2 



through 4. characterized In that said reference lev- 
els comprises tx>th positive and negative level val- 
ues. 

6. The system according to daim 1 , characterized In 
tiiat each A/D converting means conrrprises a delta 
modulator as irput stage. 

7. The system according to arry of the preceding 
claims, characterized In that said decision logic 
means is arranged to continuously receive said dig- 
ital words for conparison with said criteria. 

8. The system according to claim any of the claims 1 
through 6, ctiaracterized in that a storing means is 
provided for storing said digital words axtd in that 
sequences of such stored words are supplied to 
said decision logic means for comparison with said 
criteria. 

9. The system according to any of the claims 1 
through 6, characterized In that a storing means is 
!pra\f)ded for storing said digital words and in that 
said decision logic means conprises sampling 
means for sampling said stored words at sequential 
times for comparing sampled words with said crite- 
ria. 

10. The system according to any of the preceding 
claims, characterized In that said decision \oq\c 
means corrprises a similarity logic for comparing 
sensed signals from different signal c^mnnels for 
determining mutual signal similarity. 

11. The syst&n according to any of the preceding 
claims, characterized In that a reference value ae- 
ation unrt is provided to adaptively adjust the refer- 
ence values of the comparators. 

12. The system according to daim 11, characterized 
In that said reference value creation unit is activat- 
able to start an adaptive adjustment process by an 
external order, delivered telemetrically to the refer- 
ence value creation unit. 

13. The system according to claim 11, characterized 
in tfiat said reference value creation unit is activat- 
able to adaptively adjust the reference values at 
regular time intervals. 

14. The system according to daim 11. characterized 
in tiiat said reference value creation unit is continu- 
ously adaptirig said reference values as functions of 
said saised signals. 

15. The system according to daim 11, characterized 
In that said reference value creation unit is activat- 
able to start an adaptive adjustmertt process in 
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response to the detection of a significant change in 
the sensed signals. 

16. The system according to any of the claims 11 
through 15, characterized in that said reference s 
value aeation unit comprises an average value cal- 
culating means including a counter adding A/D con- 
verted binary signal values, without the sign, for 
determining the av^ge value during a predeter- 
mined time. 

17. The system according to daim 16, characterized 
in that said average value calculating means com- 
prises a digital recursive filter for creating a running 
signal average valua 

18. The system according to daims 16 or 17, charac- 
terized in that said average value calculating 
means is controllable to operate at specific timea 

19. The system according to any of the preceding 
claims, characterized in that a slope^me process- 
ing means is connected to the signal channel 
intended to be connected to an electrode posi- 
tioned in the atrium, said slope/time processing 
means being connected to an atrial fbnilation 
detecting unit for conparing processed signal char- 
acteristics with signal criteria for determining the 
occurrence of atrial fibrillation. 

20. The system according to daim 19. characterized 
in that said atrial f brillation detection unit is control- 
lat>le to be inhftnted in response to the detection of 
a P-wave. 

21. The system according to any of the preceding 
daims, characterized in that an averaging means 
and a noise determining unit are connected to the 
signal channel connected to the stimulator capsule 
for determining the noise level. 

22. The system according to daim 21, characterized 
in that said reference value creation unit is con- 
nected to sakJ averaging means for inhibiting the 
reference value adjustment, if the noise level 
exceeds a predetermined threshold. 

23. The system according to any of the preceding 
daims. characterized in that said signal process- 
ing means comprises a band pass filter having a 
passband t^etween 20 and 180 Hz. 

24. The system according to any of the preceding 
daims, characterized in that said signal process- 
ing means comprises a dew rate fitter. 

25. The system according to daim any of the preceding 
daims, characterized in that said conparators of 



said A/D converting means and said signal 
processing means are realized by switched capad- 
tor networks. 

26. The system according to any of the preceding 
daims, characterized in that said dedsion logic 
means is adapted to receive over a plurality of sig- 
nal channels signals sensed by different electrode 
combinations to discriminate signal information for 
determining cardiac events by a rmjiti-criteria com- 
parison procedure. 

27. An implantable heart stimulator, intended to be con- 
nected to the heart of a patient through at least two 
unipolar electrode leads or at least one bipolar elec- 
trode lead having one dectrode pole in the atrium 
and one electrode pole in the ventricle for sensing 
heart signals, characterized by a cardiac a^ent 
detecting system according to any of the preceding 
daims. 
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